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1
POWER ON RESET CIRCUITS

REFERENCE TO RELATED APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 60/487,819, entitled “Power On Reset
Circuits,” filed on Jul. 16, 2003 by Sean Smith, James

Lutley, and Jonathan Churchill, which 1s incorporated herein
by reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to electrical cir-
cuits, and more particularly but not exclusively to power on
reset circuits.

2. Description of the Background Art

A power on reset circuit generates a signal indicative of
the status of a momnitored power source provided to the
circuit. For example, the power on reset circuit may generate
a logical LOW signal when the monitored power source 1s
below a trip point, and a logical HIGH signal when the
monitored power source 1s above the trip point. The signal
may be provided to another circuit that operates depending,
on the state of the signal. For example, the other circuit may
be reset when the signal indicates that the monitored power
source 1s below the trip point.

FI1G. 1 shows a schematic diagram of an exemplary power
on reset (“POR”) circuit 100. As shown 1 FIG. 1, POR
circuit 100 comprises a main circuit 180 and a translation
circuit 190. Main circuit 180 includes a resistor ladder
comprising resistors R1, R2, R3, and R4. The voltage across
R4, which 1s a scaled version of the monitored external
voltage Vcch, 1s coupled to control the gate of transistor M1.
When the voltage on the gate of transistor M1 1s below 1ts
threshold voltage (the trip point 1n this example), transistor
M1 1s OFF, thereby providing Vcch on node 110 via resistors
R6 and R5. When the voltage on the gate of transistor M1
1s above the trip point, transistor M1 1s ON, thereby pulling
node 110 to ground. Capacitor C1 sets the pulse width and
brownout sensitivity of POR circuit 100. Capacitor C2
prevents stray capacitance from causing the output of tran-
sitor M1 (1.e., node 110) to be OFF when resistor R6 1s very
weak. Transistor M2 provides some hysteresis by modifying,
the falling trip point of POR circuit 100. The eflects of
transistor M2 and capacitors C1 and C2 are not relevant to
the present disclosure, and will not be taken 1nto account in
the following analysis 1n the interest of clarity.

In a typical application, the signal on node 110, which 1s
indicative of the state of Vcech, may be directly provided to
another circuit. However, i applications where there 1is
voltage incompatibility between main circuit 180 and the
other circuit, a translation circuit may be employed between
the two circuits. In circuit 100, translation circuit 190 allows
the signal on node 110 of main circuit 180 to be provided to
a low voltage, single gate oxide (SGOX) transistor coupled

to node 130.

One problem with circuit 100 1s that 1t has a tendency to
not provide a correct output signal on node 130 during
brownouts. For example, the POR output signal on node 130
may not indicate the correct state of Vcch when Vech dips
below the trip point. FIG. 2 shows wavelorms 1llustrating,
improper operation of a power on reset circuit. In the
examples of FIG. 2 and subsequently described FIG. 3, a
logical HIGH POR output indicates a proper external volt-
age Vcch, while a logical LOW POR output indicates a
brownout. In the example of FIG. 2, the POR output does not
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pull down to ground (1.e., logical LOW) even when Vcch
goes below the trip point during a brownout (see arrows 212
and 213). FIG. 3 shows wavetorms 1llustrating proper opera-
tion of a power on reset circuit. As shown 1n FIG. 3, the POR
output should pull to ground (see arrows 312 and 313) when

Vcch dips below the trip point, indicating to other circuits
that a brownout has occurred.

SUMMARY

In one embodiment, a power on reset circuit mcludes a
main circuit and a translation circuit. The main circuit may
be configured to recerve an external signal and to generate
an i1nput signal that 1s indicative of a state of the external
signal. The translation circuit may be configured to receive
the input signal and provide a power on reset signal indica-
tive of a brownout condition of the external signal. The
external signal may be a relatively high voltage signal
compared to the power on reset signal.

These and other features of the present invention will be
readily apparent to persons of ordinary skill in the art upon
reading the entirety of this disclosure, which includes the
accompanying drawings and claims.

DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic diagram of an exemplary power
on reset circuit.

FIG. 2 shows wavelorms illustrating an improper opera-
tion of a power on reset circuit.

FIG. 3 shows wavetorms 1llustrating a proper operation of
a power on reset circuit.

FIG. 4 shows a schematic diagram of power supplies
provided to and internally generated 1n an integrated circuait.

FIG. § shows a schematic diagram of a power on reset
circuit monitoring internally generated and externally gen-
erated power supplies.

FIGS. 6-8 show translation circuits 1n accordance with
embodiments of the present invention.

The use of the same reference label 1n different drawings
indicates the same or like components.

DETAILED DESCRIPTION

In the present disclosure, numerous specific details are
provided such as examples of circuits, components, and
methods to provide a thorough understanding of embodi-
ments of the mvention. Persons of ordinary skill 1n the art
will recognize, however, that the invention can be practiced
without one or more of the specific details. In other
istances, well-known details are not shown or described to
avoild obscuring aspects of the mvention.

Embodiments of the invention will be described using
SGOX ftransistors as examples. It should be understood,
however, that the present invention 1s not so limited and may
be employed 1n other applications imnvolving other types of
transistors, for example.

The gate oxide of transistors gets thinner as process
technologies allow integrated circuits to shrink. As a result,
the voltage that can be applied to the gate of a transistor goes
down. I the voltage across a gate oxide 1s too high, the gate
oxide may break down and thereby destroy the transistor.
Accordingly, many integrated circuits, which are also
referred to as “chips,” now have on-chip voltage regulators
to supply the internal chip power as shown 1n FIG. 4. In the
example of FIG. 4, an mtegrated circuit 410 includes an
on-chip voltage regulator 412 for stepping down an external
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voltage Vcch to a lower internal power supply voltage Vpwr
on node 414. The internal power supply voltage Vpwr on
node 414 may be employed to power up low-voltage circuits
in integrated circuit 410.

Note that for purposes of the present disclosure, “Vech”
refers to an external voltage or signal externally provided to
an integrated circuit, and “Vpwr” refers to a voltage or
signal imnternally generated in the integrated circuit. “Vech”
typically has a relatively high voltage compared to “Vpwr.”
For example, a voltage Vcch may be equal to or greater than
3V, and a voltage Vpwr may be equal to or less than 2.5V.

One way of accommodating a relatively high external
voltage 1s to use two types of transistors in the integrated
circuit: standard, low voltage transistors (e.g. capable of
<2.5V Vgs) and high voltage transistors with thicker gate
oxide for higher voltages (e.g capable of <4.6V Vgs). The
high voltage transistors may be used to build interfaces to
the outside world, such as iputs, outputs, regulator and
power on reset circuits, whilst the internals of the integrated
circuit may use the smaller and faster low voltage transistors
running ofl of a lower voltage, regulated internal power
supply, such as that on node 414 (see FIG. 4). This use of
two types of transistors with different gate oxide thicknesses
1s also referred to as “dual gate oxide technology.” Dual gate
oxide technology 1s more expensive to develop and manu-
facture than single gate oxide (SGOX) technology. In a
single gate oxide technology, transistor gate oxides have
similar thicknesses. Accordingly, using SGOX technology,
an 1ntegrated circuit may only have low voltage transistors,
sO circultry to accommodate higher voltages 1s provided to
allow the integrated circuit to operate without destroying the
gate oxides of low voltage transistors.

For an integrated circuit that has an internal regulated low
voltage power supply and an external unregulated high
voltage power supply, the two power supplies may be
monitored as shown i FIG. 5. In the example of FIG. 5, a
high voltage power on reset (HV POR) circuit 510 monitors
an external high voltage power supply Vcch, and a low
voltage power on reset (LV POR) circuit 512 monitors the
internal regulated low voltage power supply Vpwr. The
outputs of the HV POR circuit 510 and LV POR circuit 512
may be gated together to generate a combined POR output
signal on node 514. The same circuit configuration, such as
that of main circuit 180 of FIG. 1, may be used for both the
HV POR circuit 510 and the LV POR circuit 512 except that
high voltage transistors are employed in HV POR circuit
510. Using SGOX technology, however, there are no high
voltage transistors available for use in external interfacing
circuits and in a high voltage power on reset circuit.

A power on reset circuit designed to work with low
voltage, SGOX transistors needs to be able to operate
correctly 1 power up (power supply voltage rising from
ground), power down, and brownout (1nstantaneous power-
ing down) conditions, whilst protecting the SGOX transis-
tors from excessive voltages (e.g., Vgs>2.5 volts) when the
externally provided voltage (e.g., Vcch) 1s relatively high
(e.g., about 3.63 volts). One of the main considerations 1n
designing a power on reset circuit 1s how to make the circuit
work correctly during brownout conditions. This 1s partly
because of the unknown state of the power supplies and
employed reference signals during a brownout. A brownout
occurs when an external power supply voltage drops to a
level below the operating range of the chip for a certain
period of time, such as when a 3.3 volt power supply drops
to 1.5V for 10 us, for example.

In the POR circuit 100 of FIG. 1, the voltage on node 110

may vary between 0V and approximately 1V depending on
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implementation. Note that the signal on node 110 cannot
simply drive an inverter for voltage translation. This 1s partly
because during a brownout of Vcch, the imternal power
supply voltage Vpwr on node 140 can remain high for a
short period of time (e.g., <3.5 us) due to chip capacitance.
This would result 1n a logical HIGH output on node 130
(thus failing to provide the correct POR output pulse) until
the Vpwr on node 140 falls below a voltage level that 1s
below the external voltage Vcch.

Referring now to FIG. 6, there 1s shown a schematic
diagram of a translation circuit 600 1n accordance with an
embodiment of the present invention. Instead of using
translation circuit 190, translation circuit 600 may be
employed with main circuit 180 of POR circuit 100 to create
a power on reset circuit suitable for driving low voltage
internal circuits, for example. Node 610 of circuit 600 may
be coupled to node 110 of main circuit 180 to form a power
on reset circuit. A power on reset circuit incorporating
translation circuit 600 and later described translation circuits
700 (FIG. 7) and 800 (FIG. 8) may be employed 1n an HV
POR circuit 510 (FIG. 5) of an integrated circuit employing
dual voltage supplies, for example. Also, 1n one embodi-
ment, translation circuits 600, 700, and 800 are employed 1n
integrated circuits fabricated using SGOX technology.

As shown 1 FIG. 6, circuit 600 may include a voltage
clipper/clamper circuit 632 for powering an verter 634
with an 1nternal power supply voltage Vpwr from node 630.
In the example of FIG. 6, clipper/clamper circuit 632
comprises transistors M601, M602, M603, and M604, and
iverter 634 comprises transistors M603 and M606.

In the example of FIG. 6, the external voltage Vcch on
node 640 can rise all the way to about 3.63 volts and the
voltage to mverter 634 will be clipped to Vpwr whilst
maintaining over-voltage protection. If the external voltage
Vcch drops below Vpwr, the output of the clipper/clamper
circuit 632 coupled to the source of transistor M605 will
track the Vcch voltage on node 640. ITf Vcch browns out
while Vpwr remains constant, the power on reset circuit (1.¢e.,
main circuit 180 with translation circuit 600) will still
produce a POR output pulse on node 620 because the mput
to transistor M607 will drop below the NMOS threshold
voltage and thereby cause a translator inverter 1651 to
produce a logical LOW signal. A passive load mverter 636
1s preferably used over a typical CMOS mverter to ensure
that the output of the translator inverter 1651 gives the
correct logic state when Vpwr>Vcch during the initial
period of the brownout (a PMOS pull-up would turn ON
when Vpwr>Vcch causing a false high value on the POR
output). In the example of FIG. 6, passive load inverter 636
comprises a transistor M607 and a resistor R631.

Turning now to FIG. 7, there 1s shown a schematic
diagram of a translation circuit 700 1n accordance with
another embodiment of the present invention. Instead of
using translation circuit 190, translation circuit 700 may be
employed with main circuit 180 of POR circuit 100 to create
a power on reset circuit suitable for driving low voltage
internal circuits, for example. Node 710 of circuit 700 may
be coupled to node 120 of main circuit 180 to form a power
on reset circuit. In circuit 700, transistor M702 1s diode

connected to provide over-voltage protection for transistors
M703 and M704, which form an inverter 712. Transistors

M701 and M702 and resistor R731 form an inverter 714.
The input voltage on node 710 has been altered so that 1t
does not fall beneath about 1 volt but can rise to the level of
an external voltage Vcch on node 740. This input voltage
change on node 710 1s achieved by connecting node 710 to
node 120 of main circuit 180 instead of to the regular tap
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point on node 110. When the mput voltage on node 710 1s
at Vcch, the POR output signal on node 720 1s active LOW.
When the mput voltage on node 710 drops to about 1 volt,
transistor M701 turns ON and the POR output signal on
node 720 1s inactive HIGH. In a brownout situation, the
external voltage Vech on node 740 and the mput voltage on
node 710 can drop to O volts, during which the internal
power supply Vpwr on node 730 can remain steady for a
short while. In this scenario, the POR output on node 720
will still be active LOW. A POR output signal on node 720
will have been produced due to the brownout of the voltage
Vcch on node 740.

FIG. 8 shows a schematic diagram of a translation circuit
800 1n accordance with another embodiment of the present
invention. Instead of using translation circuit 190, transla-
tion circuit 800 may be employed with main circuit 180 of
circuit 100 to create a power on reset circuit suitable for
driving low voltage internal circuits, for example. Node 810
of circuit 800 may be coupled to node 110 of main circuit
180 to form a power on reset circuit. In the example of FIG.
8, circuit 800 employs two reference voltages Vpwrl and
Vpwr2 on nodes 850 and 860, respectively. References
voltages Vpwrl and Vpwr2 may be internally generated
voltages targeted at a level that just switches the associated
transistors M802 and M8030N. Transistors M802 and M803
provide over-voltage protection. Vpwrl and Vpwr2 may be
produced from a resistor stack powered from an external
voltage Vcch or by other means. The voltage on the input
node 810 may have a range of about 0 volt to 1 volt, which
allows for direct connection to transistor M804. In the
example of FIG. 8, the voltage on the iput node 810 1s also
fed 1into mverter I851. Inverter 1851 serves as a bufler that
uses the external voltage Vcch on node 840 as 1ts high
supply and reference voltage Vpwrl as 1ts low supply. When
the input voltage on node 810 1s LOW, inverter 1851
provides an output voltage at a level of Vpwrl. When the
input voltage on node 810 1s HIGH, inverter 1851 provides
an output voltage at a level of Vcch. The use of inverter 1851
provides over-voltage protection to the gate of transistor
M801.

Still referring to FIG. 8, an inverter stack 812 comprises
transistors M801, M802, M803, and M804. The output of
the inverter stack 812 may have a range of about 0 volt to
3.63 volts, which 1n the example of FIG. 8 1s still above
internal regulated voltage levels (e.g., Vpwr on node 830).
The output of the mverter stack 812 1s fed into a clipper/
clamper circuit 814 comprising transistors M805, M806,
M807, and M808. This limits the voltage provided to
inverter 1852 to the reference supply voltage Vpwr, from
node 830. The POR output signal on node 820 1s thus a low
voltage signal for use internally 1n the integrated circuat.

During a brownout, the external voltage Vcch on node
840, reference voltage Vpwrl on node 850, and reference
voltage Vpwr2 on node 860 can potentially drop to OV while
the internal power supply voltage Vpwr on node 830
remains constant for a short while. In this scenario, the
output from the inverter stack 812 may not be driven. In that
case, the resistor Rpu will pull the mput to the clipper/
clamper circuit 814 to Vech. As Vech approaches O volt, the
POR output signal on node 820 will be dnnven LOW. A POR
output pulse 1s thus produced on node 820 as a result of the
brownout of Vcch.

As can be appreciated by those of ordinary skill 1in the art
reading the present disclosure, embodiments of the present
invention allow an integrated circuit without high voltage
transistors to generate a power on reset signal indicative of
a state of a relatively high externally provided voltage or
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signal. Embodiments of the present invention may include a
main circuit to accept and monitor the external voltage and
a translation circuit to allow the signals from the main circuit
to be converted to a power on reset signal suitable for use by
internal low voltage circuits. The translation circuit may use
both the external voltage and an internally generated voltage
to generate the power on reset signal.

While specific embodiments of the present invention have
been provided, 1t 1s to be understood that these embodiments
are for 1llustration purposes and not limiting. Many addi-
tional embodiments will be apparent to persons of ordinary
skill 1n the art reading this disclosure.

What 1s claimed 1s:

1. A power on reset circuit 1n an integrated circuit, the
power on reset circuit comprising;

a main circuit configured to receive an external voltage
externally provided to the integrated circuit, the exter-
nal voltage having a voltage range that 1s not suitable
for use by an internal circuit 1n the integrated circuit,
the main circuit being configured to generate an input
signal indicative of a state of the external voltage; and

a translation circuit configured to receive the mnput signal,
the external voltage, and an internal power supply
voltage for powering the mternal circuit, the translation
circuit being configured to assert a power on reset
signal suitable for use by the internal circuit 1n an event
of a brownout condition.

2. The power on reset circuit of claim 1 wherein the

translation circuit comprises:

a first mverter coupled to receive the mput signal; and

a clipper/clamper circuit configured to power the first
inverter.

3. The power on reset circuit of claim of the claim 2
wherein the clipper/clamper circuit provides a voltage to the
first inverter that tracks the external voltage during a brown-
out condition.

4. The power on reset circuit of claim 2 further compris-
ng:

a second mverter coupled to an output of the first inverter,
the second inverter being configured to generate the
power on reset signal.

5. The power on reset circuit of claim 4 wherein the

second 1nverter comprises a passive load inverter.

6. The power on reset circuit of claim 5 wherein the
passive load mverter comprises:

a transistor, the gate of the transistor being coupled to the

output of the first inverter; and

a resistor coupling the internal power supply voltage to
the transistor.

7. The power on reset circuit of claim 1 wherein the

translation circuit comprises:

a first inverter coupled to receive the input signal and the
external voltage, the first inverter including a diode-
connected transistor configured to provide over-voltage
protection to a second inverter configured to generate
the power on reset signal.

8. The power on reset circuit of claim 7 wherein the
second 1nverter 1s configured to receive power from the
internal power supply voltage.

9. The power on reset circuit of claim 1 wherein the
translation circuit comprises:

an 1verter stack configured to receive the external volt-
age, the internal power supply voltage, a first internal
reference voltage and a second internal reference volt-
age, the mverter stack being configured to provide an
output signal based on the state of the external voltage;
and
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a clipper/clamper circuit configured to receive an output
of the mverter stack and generate the power on reset
signal, the clipper/clamper circuit being powered by the
internal power supply voltage.

10. The power on reset circuit of claim 9 further com-

prising:

an inverter configured to provide the power on reset signal
to the internal circuit, the imverter being powered by the
internal power supply voltage.

11. An mtegrated circuit comprising:

a first circuit configured to recerve an external signal
externally provided to the integrated circuit and an
input signal indicative of a brown out condition of the
external signal, the first circuit being configured to
provide an output signal based on a voltage level of the
input signal and a voltage level of the external signal;
and

a second circuit configured to receive the output signal
and to generate a power on reset signal during a brown
out of the external signal, the second circuit being
powered by an internal power supply voltage.

12. The integrated circuit of claim 11 wherein the first

circuit comprises:

an 1verter configured to bufler the mmput signal and to
provide the output signal to the second circuit; and

a clipper/clamper circuit configured to provide power to
the inverter by tracking the external signal.

13. The integrated circuit of claim 12 wherein the second

circuit comprises a passive load inverter.

14. The integrated circuit of claim 11 wherein the first

circuit comprises:

a first mverter powered by the external signal and con-
figured to generate the output signal, the inverter com-
prising a diode-connected transistor configured to pro-
vide over-voltage protection to the second circuit.

15. The mtegrated circuit of claim 14 wherein the second

circuit comprises a second mverter powered by the internal
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power supply voltage, the second inverter being configured
to receive the output signal and drive a third inverter

configured to generate the power on reset signal.

16. The integrated circuit of claim 14 wherein the first
circuit comprises an inverter stack configured to receive the
input signal by way of an inverter powered by the external
signal.

17. The integrated circuit of claim 16 wherein the second
circuit comprises a clipper/clamper circuit configured to
generate the power on signal based on an output of the
iverter stack, the clipper/clamper circuit being powered by
the 1nternal power supply voltage.

18. A method of providing a power on reset signal 1n an
integrated circuit, the method comprising:

recerving an external signal in an integrated circuit, the
external signal having a voltage range that i1s not
suitable for use by an internal circuit 1n the integrated
circuit;

generating an put signal indicative of a brownout con-
dition of the external signal; and

using the external signal and an internal power supply
voltage to translate the input signal and generate a
power on reset signal having a voltage range suitable
for use by the internal circuit.

19. The method of claim 18 wherein the external signal 1s
limited by a clipper/clamper circuit and provides power to a
first inverter driven by the 1input signal, the output of the first
inverter being employed to drive a second inverter config-
ured to generate the power on reset signal.

20. The method of claim 18 wherein the external signal 1s
used to power a {first circuit configured to receive the input
signal and to drive a second circuit, the second circuit being
powered by the internal power supply voltage and config-
ured to generate the power on reset signal.
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